Also, the unplanned deployment of Wi-Fi networks arises in overlapping networks operating in a common frequency and interfering with each other. The popularization of Wi-Fi has caused the saturation of communication channels, mainly in large urban centers and public hotspots employing the 2.4GHz free license band. Further, the requirements for QoE raise the complexity on access control mechanisms once they must ensure the quick transmission of urgent traffic without producing significant delay.
Hence, in order to cope with these new challenges, the IEEE created the Task Group AX to improve the 802.11 standard. They aim at increasing throughput and spectrum efficiency of highly dense wireless local area networks (WLANs). Their goal lies in offering a new amendment to 802.11 until 2019. Currently, a set of works has discussed models and evaluated methods, technologies and functional requirements to compose this new amendment. Also, researchers have proposed enhancements to the MAC protocols. Their goal lies in designing improved protocols considering the particularities of dense environments.
In this context, this work contributes with the literature as follows. It strengthens the claims about the low Wi-Fi performance under dense scenarios by revisiting the collision problem.
In particular, this article overviews the MAC protocols proposed for the 802.11 standard and discusses solutions to mitigate collisions. While previous publications about the 802.11ax offer a broader view [2] , [3] , our work studies the proposals focusing on collision avoidance. The MAC protocols used in all these versions are essentially the same. They follow a Space. The goal is to provide different access times among nodes with same priority level. 4 The CW size varies depending on priority too as illustrated in Figure 1 . 
A. Collisions: a recurrent problem
By combinatorial analysis, we calculate the collision probability according to the network density and CW size [4] as illustrated in the Figure 2 . The probability grows as network density increases, even more to smaller CW like that used for voice and video. From top to the bottom, the first and second tracks in the figure represent the collision probability for these types of traffic. The CW size for them is expanded only once until it reaches its maximum size. This results in a high chance of concurrent transmissions with just few nodes. For instance, the collision probability is higher than 50% with just five nodes sending voice data.
This analysis considers only collisions inherent to the mechanism, not taking into account anomalies caused by carrier sense fails or hidden nodes. The 802.11 MAC protocol uses a virtual carrier sense to prevent hidden terminal problem. Control frames are exchanged before data frames. They reserve the channel in the collision domain. But these frames are sent as well as conventional data frames. Hence, they suffer the same problems addressed above. The task group AX has worked on several proposals to improve the 802.11 standard.
They have defined procedures for selecting and evaluating them. They also have specified deployment scenarios and parameters for testing. These scenarios contain a high number of stations and access points forming dense networks. Thereby, they emulate the problems of high collision rates. In this context, efficient MAC protocols are critical to improve the throughput and channel efficiency. The next sections provide an overview of proposed changes to them.
A. 802.11 MAC Enhancements
There are many studies about the current 802. There are examples of MAC protocols using these proposals such as DCWA, HBAB, EBA, AMOCW, DCWC, VBA and so forth. Until now, there is no consensus about which is better.
Indeed, devices with large initial windows will be penalized if other devices keep their windows small. The proposal in [5] suggests the Enlargement of Initial CW. The idea lies in increasing the number of contention slots while reducing the slot time. For instance, in OFDM, the slot would be reduced from 9µs to 4.5µs and the amount of slots would be doubled as illustrated in Figure 3 . Also, the CWs should be adjusted according to EDCA rules. They double their size in slots while maintaining the same total duration. Thus, new devices remain compatible with current standard if other intervals based on slot time are doubled too, e. g. AIFS and CWmin.
The EICW is more relevant for voice and video traffic. It reduces the collision rates as exposed in our previous work [4] . Access. These TDMA-like protocols have a common CW size among all nodes. And each device reserves one slot to start its broadcasts. Usually, the first access is made choosing a random slot. If this transmission is successful, they defer from transmitting in all other slots.
After a CW round they send the next frame in the same slot number. This proposal was tested for audio, video and elastic data applications achieving good results.
B. Discussion
We have analysed the main key enhancements proposed in the literature and reviewed in the previous subsection. Using the Network Simulator, version 3, we analyze collision rates per total of received packets and throughput comparing results from the following protocols: Extending the Initial Contention windows (EICW), time slots allocation without contention (TDuCSMA) and deterministic backoff (CSMA/ECA). In Figure 4 , we observe that all protocols have successful reduced collisions in relation to the 802.11n standard baseline, over which 802.11ax is established. However, this reduction does not necessarily yields an increase in throughput. The simulations followed a scenario with stations sharing the same channel. They sent UDP data streams to their access points ensuing a generated traffic like the models which represent the typical predominant web traffic, but above the channel capacity.
We have applied the same parameters used in the EICW evaluation in [4] and we added the CSMA/ECA as available in [7] and TDuCSMA as described in [6] . In each sample, we vary the number of stations to measure the performance of each protocol as the scenario becomes denser. Further, we also combine the protocols applying them in pairs and together. can assume that fewer collisions will result in a better throughput caused by less waste in channel time. However, the reduction in collisions observed in ECA has no corresponding in throughput increasing. The problem is the timeout in the queues. While waiting their turn on ECA, the packages reach the limit time delaying before an opportunity to transmit. This shows that a collision-free protocol does not always deliver the best performance. At first, MIMO has been employed to increase the throughput between one transmitter and one receiver. Since 802.11ac, it has been employed to provide simultaneous transmission to many receivers. In this case, every subchannel carries data for one receiver but only one can transmit them at time. Thus, the channel access method is the same as a single access.
Nevertheless, 802.11ax probably adds multiple transmitters in MIMO. This demands changes in MAC protocols to support multiple accesses. They should allow more than one device accessing the channel, but each one in its subchannel.
In the literature, there are dozens of proposals on multi-user MAC protocols. TGax should adopt a scheduled coordinated method. Coordinated means devices should exchange control frames to reserve the channel. And scheduled means the AP should trigger the concurrent transmissions. To reduce overhead, the requests for an uplink may be inserted into a normal frame. The stations send their common frames just adding one bit into frame header. It informs they have more data to be sent [8] . Then, the AP groups these stations and triggers the simultaneous access. It sends a control frame setting which stations can transmit. This frame must contain information about frequency offset, spatial stream, tone, length and so on. This allows the stations to start their transmissions in a synchronized way as illustrated in Figure 5 . Once the control frame reserves the channel, the other devices are silenced avoiding collisions. However, the AP access procedure is not clear yet. The trigger frame could be sent after a SIFS or follow EDCA rules or other method as PCF. More details about the MAC issues for IBFD systems can be found on the survey in [10] .
B. Other improvements
The recent 802.11ac amendment provides MSDU and MPDU aggregation. Frame aggregation decreases MAC header, IFS and other extra overhead. Further, the contention time is incurred only once in the transmission of the large frame instead of many small packets. But, the probability of successful transmission is higher for smaller frames due wireless errors.
An Adaptive Block Frame Length is discussed to set the ideal length [11] . In another line, some proposals suggest adding some management functions to the AP. They could determine priorities based on STA characteristics giving more opportunities for faster devices [12] .
Or they could cooperate. An Access Controller can coordinate them in managed deployed networks, e. g. campus or conference environments [13] . Wifox, ADWISER and MegaMIMO are practical examples of dense networks operating with a control entity. Further, APs can share Beacon frames among neighbour BSS. This could reduce network overhead with control frames. And beacon frames could be prioritized to avoid collisions. Dynamic Sensitivity Controls have been discussed to achieve CSMA/CA optimizations [14] .
They regulate the relative size of contention domains which affects throughput. Simulation results have shown gains in managed networks as well in dense residential apartment buildings.
Adaptive configuration of CCA threshold (or receiver sensitivity) can reduce the network operating range. This decreases the collision domain area. But DSC are dependent to scenario setup and path loss parameters. Collisions increase when using higher CCA levels. And spatial reuse is suppressed when CCA level is lower. Thus, MAC Protocol should adapt the backoff procedure according CCA level. For instance, the backoff countdown would continue even if channel is busy since the signal is weak enough to interfere. Beyond this, the backoff process can be migrated to signaling through OFDM subcarriers [15] . Back2f and WiFi-BA protocols are examples on this type of access mechanism. This would reduce the contention time and avoid collisions. But these proposals require additional hardware such as SIC structures used in IBFD. However, they could emerge for 802.11ax if they afford backward compatibility and also if their costs are feasible.
V. CONCLUSION
High efficient wireless networks have been a topic of interest to researchers from academia and industry. Since it was constituted, TGax group works on improve throughput and spectrum efficiency in 802.11 standard. They have discussed several proposals to solve network problems in dense environments. Although there is still a long time for its completion, the amendment drafts suggest some improvements. This article gave an overview of these improvements related to Medium Access Control protocols in particular giving a focus on collision avoidance. This work also contributed by revisiting the collision problem considering now highly dense scenarios. Collisions have become increasingly critical with the rising number of users. Further, this article also gave trends leading to the near future implementation. The current themes are classified and discussed. There are many proposals on the agenda. However, this article contributed to a basis for foreseeing the next generation Wi-Fi networks.
